approximately 9 million people are chronically infected with hepatitis B virus (HBV) or hepatitis C virus (HCV), and many are undiagnosed. Targeted active case finding initiatives are needed. Iatrogenic transmission of HBV/HCV is relevant in Europe but people at risk of infection are often overlooked. This study aimed to identify groups at increased risk of HBV/HCV infection due to iatrogenic transmission, including healthcare workers, and to estimate incidence and prevalence. PubMed and Embase were systematically searched in February 2017 using strings combining terms for HBV/HCV, occurrence and population subgroups. All retrieved publications were screened and included articles were quality assessed. A predefined set of variables were extracted, and detailed summary tables were developed per population group of interest, virus and outcome. Thirty-eight articles were included, two reported on HBV, 22 on HCV and 16 on both, contributing 70 estimates of prevalence or incidence among: haemodialysis recipients, diabetes patients, recipients of substances of human origin, recipients of medical/dental procedures and healthcare workers. Estimates varied widely from 0.4% to 11.7% for HBV and from 0.7% to over 90% for HCV with most being higher than in the general population. Despite the limited number of studies retrieved, mostly old and focused on populations with multiple risk factors, our findings highlight the importance of considering population groups at higher risk for HBV/HCV iatrogenic transmission as target groups for active case finding in the EU/EEA. Test offers should be guided by individual risk assessment alongside local epidemiological data and local context. ª
Introduction
In the European Union/European Economic Area (EU/EEA) approximately 4.7 million people have a chronic hepatitis B virus (HBV) infection and 3.9 million are chronically infected with hepatitis C virus (HCV), according to recent prevalence estimates [1] . Due to the silent nature of these diseases, chronic infections may go unnoticed for years, if not decades. As a result, a considerable proportion of people who are chronically infected may not be aware of their health status and may not be linked to appropriate care. Estimates of the undiagnosed fraction for chronic hepatitis B (CHB) and chronic hepatitis C (CHC) infections are available for some EU/EEA countries ranging from 20% to 78% for HCV and from 45% to 55% for HBV [2] . Recent modelling across Europe suggests that the overall undiagnosed fraction was greater than 60% in the EU/ EEA for HCV, and 16% in the wider European region for HBV [3, 4] . In order to achieve the goals for elimination set by the European Regional Action Plan [5] , scaling up of targeted testing initiatives is needed.
The major population groups in the EU/EEA at increased risk for HBV and HCV transmission or at high prevalence of chronic infection include people who inject drugs (PWID), migrants, people in prison, people living with HIV (PLHIV) and men who have sex with men (MSM) [6e8] . However, identifying and targeting additional population groups with active case finding initiatives may be needed depending upon the local epidemiological situation. Individuals at risk of iatrogenic transmission (i.e. resulting from the activity of a healthcare provider or institution) of HBV and HCV in the past are one such group. In particular, individuals who have been recipients of substances of human origin (SOHO) before the introduction of adequate safety measures, such as screening for HBV and HCV, are of major concern in many EU/EEA countries [9e11] . Despite the considerable improvements in blood supply safety, injection safety and infection control in healthcare settings, iatrogenic HBV and HCV transmission is still an issue in some EU/EEA countries with evidence of current transmission as reported to the European Hepatitis B and C surveillance system [12, 13] . In addition, iatrogenic transmission is frequently implicated in outbreaks reported in the medical literature [11, 14, 15] .
The scope of this study was to identify specific population groups at increased risk or with a high burden of hepatitis B and C due to iatrogenic transmission, including healthcare workers (HCWs). With this aim, a systematic review was conducted to retrieve data on the prevalence or incidence of HBV and HCV infections among these population subgroups in EU/EEA countries. This study was conducted as part of a larger project to develop a European testing guidance for HBV and HCV coordinated by the European Centre for Disease Prevention and Control (ECDC).
Methods
Existing national and supranational HBV and HCV testing guidance from EU/EEA countries was reviewed to identify population groups considered to be at risk for HBV and HCV transmission or at high burden of infection and it was complemented with inputs from the authors [2] . The following groups at risk of iatrogenic transmission were included: haemodialysis recipients; diabetes patients; recipients of SOHO, including organs; blood and plasma; and people who have received medical or dental interventions. In consideration of their risk from occupational exposures, HCWs were also included in the target population groups.
To address the following research question: 'Which population subgroups have a higher risk of acquiring HBV or HCV, and/or have a higher burden of disease?', a search of PubMed and Embase was conducted on the 14 February 2017 for records published since 1 January 2005 using search strings combining terms for HBV and HCV with terms for occurrence (e.g. incidence or prevalence) and population subgroups. A detailed description of the strategy used and strings can be found in Appendix A: Supplementary Data. No language limitations were applied. A geographical search string was added to limit the searches to studies from EU/EEA countries. For the search in Embase, publication type was limited to reviews, articles and articles in press. Original research articles were included in the review, and the reference lists of relevant systematic reviews retrieved in the literature search were checked manually for additional original articles. The search results were transferred to an EndNote library and duplicate records were removed using the built-in EndNote option, followed by a manual round.
All publications retrieved during the search were screened by title and abstract using a set of pre-determined inclusion/ exclusion criteria. Publications were included if they reported on HBV/HCV incidence or prevalence among people at risk of iatrogenic infection in EU/EEA countries and HCWs, irrespective of the year of data collection. Publications reporting single-site data or outbreak reports were excluded (refer to Appendix A: Supplementary Data for the full list). Two reviewers performed the selection. An iterative approach to refine the inclusion and exclusion criteria was adopted and a random sample of 5% of the records was screened in duplicate, followed by an assessment of consistency and a review of the criteria. After reaching a level of concordance higher than 95%, the rest of the retrieved publications were split between the two reviewers. The full text of selected articles was subsequently screened by two reviewers, of which a random sample of 20% were screened in duplicate to assess for consistency. When more than 95% concordance was achieved, the remaining publications were split between the two reviewers. For both screening steps, in cases of uncertainty about inclusion or exclusion that were not resolved after discussion, articles were included. Peer-reviewed literature identified through other sources (e.g. hand search or suggested by the project team) were subject to the same inclusion and exclusion criteria.
Relevant data were extracted from included articles and recorded in the data extraction file in Microsoft Excel. As articles may report more than one prevalence estimate, the unit for data extraction was 'study'. One study reports HBV or HCV prevalence in a defined population group, in a certain geographic area, over a discrete period of time. A predefined set of variables including study characteristics, sampling, laboratory testing, study population details and outcomes were identified, and data were extracted for each study (Appendix A: Supplementary Data). The complete list of variables is provided in the Appendix A: Supplementary Data.
The quality of all included articles was assessed. As none of the included articles concerned studies with designs that can be critically appraised using standard checklists such as those available from SIGN [16] a list was compiled of relevant aspects from standard checklists, which were answered with 'yes' or 'no' per study. A complete list of questions is available in Appendix A: Supplementary Data. Using the checklist, it was not possible to calculate an overall quality score for studies, therefore, all relevant articles were included regardless of their quality and their limitations (checklist items answered with 'no'), if any, in data extraction tables. However, articles were excluded when the methods and/or results provided an insufficient level of detail making it not possible to accurately extract data.
A set of detailed summary tables was developed per population group of interest, virus and outcome (Appendix A: Supplementary Data). The summary tables contain the following information: study reference, country, study period, sampling approach, study design, population subgroup, study population and sample size, results (prevalence/incidence), critical appraisal and comments. Within each table, findings are ordered by country, year of publication and multiple risk category. For HBV, prevalence is defined as HBsAg positivity. For HCV, prevalence is defined as anti-HCV antibody positivity. Positivity to HCV-RNA is also presented in summary tables, when available. The prevalence estimates obtained are presented in synthetic tables in the results section, alongside prevalence estimates in the general population [1] for each country for which data could be retrieved.
Results
The main literature search identified 5511 unique publications, of which 539 were selected based on title and abstract. Six additional articles were found in reference lists of systematic reviews or were known to authors. The full text selection of 523 articles (22 were not available in full text) yielded 38 articles eligible for inclusion and reporting on prevalence or incidence of HBV and HCV among the population groups at risk of iatrogenic transmission ( Figure 1 ). Of these, four reported on HBV, 23 on HCV and 11 on both, contributing a total of 70 studies reporting estimates of prevalence or incidence. The identified subgroups at risk included haemodialysis recipients (seven studies for HBV, 21 for HCV), HCW (four studies for HBV, 11 for HCV), diabetes mellitus patients (three studies for HBV, eight for HCV), recipients of SOHO (four studies for HBV, eight for HCV) and recipients of (unspecified) medical or dental procedures (four studies for HCV). There were estimates of prevalence identified from seven countries for HBV and 12 countries for HCV. More detailed information on each included study can be found in the summary tables in Appendix A: Supplementary Data. Data on HBV and HCV prevalence (17 HBV prevalence estimates and 44 HCV prevalence estimates) are presented in Tables I and II, respectively. Prevalence of HBV ranged from 1.9% in one Italian study to 11.7% in one study from Lithuania among haemodialysis recipients, from 2% in one study in Greece to 9.8% in a study from Poland among recipients of SOHO, from 0.4% in a Spanish study to 1.6% in one study from Italy among diabetes patients and from 0.6% in a Polish study to 2.2% in one study from Romania among HCWs.
The six studies on haemodialysis patients were conducted in the period 2001e2011 and present data from five EU/EEA countries, with the highest prevalence rates reported in . One study from Spain [20] reports relatively high prevalence of HBV (7.8%) among a sample of haemodialysis patients living with HIV. All four studies reporting on SOHO recipients were performed in the early 2000s, some sampled patients hospitalized before 1991 [21, 22] and some sampled HIV-or HCV-infected individuals [23, 24] . Of the three studies on diabetes patients, two were conducted in the second half of the 2000s among outpatients [25, 26] , and the third was an older study conducted among hospitalized patients only [27] . Finally, of the studies on HCW, three were conducted in Poland in the years 2008e2009, yielding similar estimates [28e30], while the last one [18] reports higher prevalence (2.1%) among HCWs with occupational exposure in Romania.
Prevalence of HCV ranged from 3.3% in one UK study to 39.3% in one study from Romania among haemodialysis recipients, from 8.9% in one Italian study to 11.3% in one study from Germany among recipients of medical or dental procedures, from 2% in one Italian study to 95.4% in another study from Italy among recipients of SOHO, from 0.7% in one study from Sweden to 9.2% in one study from France among diabetes patients and from 0.8% in one study from Poland to 6.4% in one Italian study among HCWs. Of the 17 studies on HCV prevalence among haemodialysis patients, those reporting estimates in the upper range were either conducted in the late 1990s and early 2000s (12.5e29%) [17,31e35] , or reported data from Romania (27.3e39.3%) [18, 19] . The highest reported estimate (53.1%) is derived from a study conducted among HIV-infected patients in Spain [20] . Finally, a prospective, multicentre, cohort study provides an overall estimate of 6.7% HCV prevalence among haemodialysis patients from across seven EU/EEA countries, namely Belgium, Italy, France, Germany, Spain, Sweden and UK [36] .
HCV prevalence among SOHO recipients was only reported among patients sampled in the early 2000s or before, most of whom presented with overlapping risks such as being transfused before 1991, hospitalized or presenting with comorbidities. All the included studies registered very high estimates.
Conversely, the included studies on diabetic patients were conducted over more than a decade (1996e2011) sampling both inpatients and outpatients, and yielded comparable results ranging from 2.1 to 9.2%, with the notable exception of one study from Sweden reporting a prevalence as low as 0.8% in 1998 [37] . All three studies on recipients of medical or dental procedures sampled populations groups with multiple risk factors such as being a household member of an HCV-positive patient, and reported high prevalence rates. HCV prevalence estimates among HCW was reported in 11 studies. Of these, seven were conducted in Poland in the period 2005e2010, presenting comparable results (0.8e1.7%), with one large nationwide study reporting an anti-HCV antibody prevalence of 1.4% [38] . In contrast, two Italian single-centre studies conducted between 1999 and 2009 reported higher prevalence rates up to 6.4% [39, 40] .
Only one study from the UK reported on HBV incidence in these at-risk populations. According to this prospective study that was conducted over a period of six months, HBV incidence was reportedly 0% in haemodialysis recipients [41] .
Data on HCV incidence (nine estimates) are presented in Table III . Incidence of HCV ranged from 0 to 6.2 cases per 100 person-years among haemodialysis recipients, and was 0 cases per 100 person-years in two studies in Italy among medical or dental procedure recipients and HCWs. With the exception of one study from the UK [41] , the studies among haemodialysis patients were either conducted between 1993 and 2005, with the highest value (6.2%) registered in a Greek study sampling patients in the period 1993e1995 [33] , or among patients returning to the country of residence in Europe after a period of dialysis in countries of intermediate/high endemicity [42] .
Discussion
A systematic review was performed to assess the extent of the burden of HBV and HCV infection among population subgroups at risk of iatrogenic transmission in the EU/EEA. This is the first attempt to describe viral hepatitis epidemiology among these population groups at European level. This study is part of a larger endeavour to assess the risk for HBV or HCV transmission and of HBV or HCV infection in selected population groups in the EU/EEA. The epidemiology of hepatitis B and C across Europe varies markedly both within and between countries, and over time [1,58e60] . The two epidemics have evolved and epidemiological parameters including prevalence, incidence and genotype distribution have dramatically changed over the last 15 years. Several key factors have contributed towards these changes including the introduction of routine childhood and adolescent vaccination against HBV, significant changes in patterns of intravenous drug use and immigration of people from intermediate-and high-endemicity countries as well as improvements in blood transfusion safety and advancement in healthcare standards including infection control [8, 60] . Blood safety has rapidly progressed for HCV following the identification of the virus in 1989 and the production of screening tests to protect the blood supply introduced in most European countries during the early 1990s [61] . These blood tests are highly sensitive and post transfusion hepatitis C very seldom occurs as, in accordance with EU standards, EU/EEA countries have robust systems in place for the quality control of blood safety [62] . However iatrogenic transmission is still identified as a source of newly diagnosed HBV and HCV infections in the EU/EEA [12, 13] .
In the face of the limited coverage and challenges of acute HCV surveillance in the EU/EEA, in 2016 iatrogenic transmission accounted for 22.5% of all notifications for which data on the report of transmission were available [12] . Many acute and chronic HCV cases attributed to iatrogenic transmission are reported by Italy and Romania [12] . This is reflected in the findings from this study, whereby prevalence among patients or recipients of medical procedures from these two countries are generally higher as compared to others. Our findings indicate a high prevalence of HCV infection in all the identified population groups with history of iatrogenic risk across the EU/EEA, namely haemodialysis recipients, recipients of SOHO, medical and dental procedures and diabetic patients. A time-gradient was observed, with earlier studies reporting higher HCV prevalence estimates and few of the retrieved studies conducted in the current decade, with many presenting data collected in the late 1990s or early 2000s focusing on patients who received medical, dental procedures or SOHO before the widespread introduction of screening tests, thus our findings may be an overestimate of the true prevalence. Unfortunately, it was not possible to investigate in detail how changes in national patient safety regulations might have affected the burden of disease at local level. Still, considering the recommendation of WHO to promote active case finding for HCV among population subgroups with prevalence above the 2% threshold [63] , the groups identified in our study, haemodialysis recipients, recipients of SOHO and diabetic patients, should be targeted for testing in the EU/EEA. High range estimates were detected in those studies sampling patients with overlapping risks such as HIV infection [20, 23] , thus underlying the importance of performing individual risk assessment to identify patients who might benefit from testing for HCV.
Of note, very few studies targeting recipients of medical or dental interventions were retrieved, and all of them were conducted among populations with overlapping risks, such as household members of HCV-infected patients or diabetes patients. The detected prevalence estimates are likely to be overestimated, and it is difficult to draw any firm conclusions from the available data.
Possibly due to the challenges in investigating incidence, studies reporting on HCV new infections among population groups at risk of iatrogenic transmission are few with limited geographic coverage and largely conducted more than a decade ago, posing some concerns on the applicability of the findings to the present context. Older studies from France, Greece, Italy and the UK present evidence of HCV transmission among haemodialysis patients, while more recent ones detected no incident cases [41, 44, 47] , and one Italian study specifically referred to no case of seroconversion occurring after 1986 [21] . This is very likely due to an improvement in the application of infection-control procedures [45, 64] . Still evidence of iatrogenic transmission in haemodialysis units is reported in the literature, albeit linked to outbreaks [14] . Suboptimal infection control standards have been implicated in transmission events in a number of settings, including long-term care facilities and other healthcare facilities [11, 15] . In countries with a sizeable proportion of migrants from non-EU countries, a further element of concern are dialysis patients travelling back on their holidays to high endemicity countries and receiving dialysis in facilities where infection control may be suboptimal, as reported in one study from the UK [42] . These findings highlight the need for strict infection control measures in services accessed by patients returning from low-and middle-income countries.
Iatrogenic transmission is also identified as an ongoing source of acute HBV infections in the EU/EEA as it accounts for 18.6% of all new cases and for 40.4% of chronic cases reported to the ECDC in 2016, mostly by Italy and Romania [13] . Despite fewer studies retrieved as compared to HCV, our findings suggest a high prevalence of HBV among haemodialysis patients, well above the WHO threshold of 2% [63] in all countries with available data. While all the studies were performed during the past decade, and infection-control standards as well as vaccine coverage may have improved since then [64] , HBV vaccination for patients receiving haemodialysis is essential [65] . According to a European review of HBV vaccination policies among risk groups, 70% of the countries reported targeted vaccination for haemodialysis patients, including all countries with at least one estimate included in the present review, with the sole exception of Romania [66] . However, data on coverage among the target population was hardly available, hampering the possibility of assessing the impact of such intervention on the burden of HBV. Furthermore, higher HBV prevalence estimates among haemodialysis patients were reported from those countries with higher prevalence among the general population, thus reflecting the underlying epidemiological profile [1] , with the exception of one study from Spain [20] conducted among HIV-positive patients. As a comparison, the few studies on diabetes patients report prevalence estimates comparable to those observed for the general population in the corresponding countries. Still, the risk of transmission among this population group continues as indicated by the numerous HBV outbreaks linked to blood glucose monitoring [15] . Finally, in our findings, HBV prevalence data among recipients of SOHO are largely influenced by the choice of the study population, which is characterized, in all included studies, by presence of multiple risk factors (e.g. co-infection with HIV/HCV), preventing any reliable conclusion from being drawn. The impact of childhood HBV vaccination programmes, wellestablished in the EU/EEA region [67] , have been largely unaccounted for in the included studies, although it may be inferred from the lower prevalence seen for HBV as compared to HCV. Data on vaccination programmes and their coverage should be considered alongside prevalence when assessing the needs for and developing targeted testing initiatives at country level.
Finally, few studies were identified on HBV and HCV among HCWs, and from a limited number of countries in the region. Despite the heterogeneity in the sampling approaches and the composition of the study populations, often including a mixture of different cadres, the resulting estimates may be suggestive of a prevalence comparable to that of general population from the corresponding country [1] . While occupational transmission is a risk for HCWs [68] , adherence to universal precautions remains the primary means of preventing occupational exposure [63, 64] . Alongside effective infection control procedures and use of safer devices, HBV vaccination is a mainstay of such a prevention approach, and as such it is recommended for HCWs [65, 69] . However, HBV or HCV chronically infected HCWs, especially those performing exposure-prone procedures, require occupational management in line with national policy [70, 71] . HBV and HCV prevalence among HCWs may be influenced by additional factors, such as the underlying prevalence in the population of origin, especially in countries where the proportion of foreign-born migrants among the healthcare workforce is substantial.
Our study has some limitations. Neither a meta-analysis nor pooling of the retrieved prevalence estimates was performed due to the limited data comparability resulting from the large degree of heterogeneity between studies and population groups sampled. For example, study populations differed in the proportion who received any medical treatment before infection control/blood-safety measures to prevent HBV/HCV exposure became routine practice in the country. In addition, for HBV prevalence studies, the vaccinated proportion of a population varied between studies and was often not mentioned. The diagnostic methods were an additional source of heterogeneity, as the laboratory tests used, including for confirmatory tests, varied across the studies. Finally, many estimates dated back in time and were based on local, rather than national data derived from small studies with sub-optimal sampling methods and are probably not generalizable to the wider population. Differences between HBV/HCV prevalence or incidence estimates reported in the included studies can at least partly be explained by these factors, and for this reason direct comparisons were deemed not possible. Information on other potentially relevant factors such as the infection control standards in place or any significant change in policy or practice over time was not extracted. Lastly, while this study focused on a pre-defined list of populations potentially at high risk of HBV/HCV or with high burden of diseases, it is recognized that other patient groups, such as surgical or intensive care unit patients, may have high prevalence levels and may have been missed in our search strategy.
In conclusion, our findings indicate high levels of HBV and HCV infection among specific groups known to be at risk of iatrogenic transmission of blood-borne viruses, including haemodialysis recipients, recipients of SOHO, medical and dental procedures and diabetic patients. Whilst some evidence of declining trends in estimates of prevalence among these groups was found, the findings suggest transmission of these infections in healthcare settings across EU/EEA countries, which reinforces the importance of maintaining infection-control measures. Estimates of prevalence found among these groups were generally higher for HCV than HBV, reflecting the impact and relevance of HBV vaccination as a key prevention strategy. Differences between countries may reflect many factors including the impact of differing prevention strategies as well as the epidemiology in the broader population, and this is a possible area for future research. Whilst our findings indicated that the prevalence of HBV and HCV in HCWs was comparable to that of the general population from the corresponding country, occupational transmission is a risk for HCWs and this group needs close assessment, management and education in accordance with national occupational workforce guidelines. Our results also suggest a need for countries to consider groups at higher risk for iatrogenic transmission of HBV and HCV as target groups for active case finding in the EU/EEA. In the effort to reduce the undiagnosed fraction for HBV and HCV in Europe, hospitalization history and history of receiving SOHO or other invasive procedures could be considered as relevant information to collect during patient consultation in order to promote testing for viral hepatitis.
